The bimetallic complexes of 1,4-bis-(5-H/methyl/chloro-1H-benzimidazol-2-yl)-1,2,3,4-butanetetraols (L1-L3) with CdCl 2 and HgCl 2 were synthesized and characterized by elemental analysis, molar conductivity, as well as IR and 1 H-NMR spectroscopy. The ligands coordinate to the metal ion through all of the hydroxyl oxygen atoms as tetradentate in the Hg(II) complexes of L1-L3 and in the Cd(II) complexes of L2 and L3. In the Cd 2 (L1)Cl 4 complex, the ligand acts as tetradentate through the benzimidazole nitrogen atoms and the two oxygen atoms of the hydroxyl groups near the imidazole ring.
INTRODUCTION
Some bis-benzimidazole derivatives show biological activity. For example, 1,2-bis-(2-benzimidazolyl)ethane has antipoliovirus 1 and antifungal effects. 2 1,3-Bis-(2-benzimidazolyl)propane shows an antiviral effect; and the nitro and hydroxyl derivatives of it show antifungal character and considerable activity towards poliovirus formation. 3 1,2-Bis-(2-benzimidazolyl)-1,2-ethanediol shows antifungal and antipoliovirus character, and 1,4-bis-(2-benzimidazolyl)-1,2,3,4-butanetetraol (L1) has a negative effect on intracellular viruses. 3-5 2,2'-(Alkane/hydroxyalkane-diyl)-bis-benzimidazoles and 5-chloro-2,2'-bis-benzimidazoles have antifungal, antitumor, antiviral, yeast inhibition, antibacterial, sedative, diuretic and anthelmintic activity. 2, 4 Also, bis-1H-benzimidazoles are strong coordinating agents and form stable complexes with various transition metals. If the ring substituents change and/or if there is a deviation in the bridging section, the electron distribution and, consequently, the coordination ability of their derivatives are affected. 6, 7 When the ligands coordinate to transition metals, it is believed that they react selectively towards certain biological systems. 8 Bis-benzimidazoles, e.g., 2,2'-dithiobis-benzimidazole, 1,2-benzoylene-bis-benzimidazole, were used in some polymers and polyamide fibers to improve the heat resistance. [9] [10] [11] Some bis-benzimidazoles also formed stable polymers. For example, 2,2'-(1,3-phenylene)-5,5'-bis-benzimidazole resin has been prepared 12 and a bis-benzimidazole resin including phosphorus was synthesized which had a high thermal stability and resistance to ignition. 13 In this investigation, 1,4-bis-(5-H/methyl/chloro-1H-benzimidazol-2-yl)-1,2,3,4-butanetetraols (L1-L3, Fig. 1 ) with CdCl 2 and HgCl 2 were synthesized, characterized and the effect of the substituents on complexation was studied.
EXPERIMENTAL

Materials
All chemicals and solvents were reagent grade. IR spectra were recorded (KBr pellets) on a Mattson 1000 Fourier Transform spectrometer. Routine solution 1 H-NMR spectra were run on a Bruker Ac-200 NMR spectrometer (TUBITAK-Turkey). Chemical shifts are expressed in ppm relative to TMS. The residual DMSO-d 6 signal was also used as an internal reference. Analytical data were obtained with a Carlo Erba 1106 analyser and Varian SpectrAA 220/SS atomic absorption spectrometer. The molar conductances of the compounds were measured in DMSO on a WPA CMD750 conductivity meter.
Synthesis of the ligands
In the synthesis of L1-L3, 4-R-1,2-phenylenediamines (R = H, CH 3 , Cl) and mucic acid were reacted according to a literature method. 14 
Preparation of the complexes
A metal salt (103 mg CdCl 2 or 153 mg HgCl 2 , 0.56 mmol) was added to a suspension of a ligand (e.g., 100 mg L1, 0.28 mmol) in ethanol (30 cm 3 ). The mixture was refluxed with constant stirring for 4 h, and then allowed to stand at room temperature overnight. The mixture was filtered, washed with 10 cm 3 Et 2 O and dried under vacuum.
RESULTS AND DISCUSSION
General properties
All of the complexes are colourless. The melting points of the ligands, L1-L3, were 282, 251 and 271 ºC, respectively ( Table I ). The benzene ring substituents decrease the melting points of the ligands.
The ligands have low solubility in polar solvents such as MeOH, EtOH, and they have moderate solubility in AcOH and DMSO. This may be because of the very strong intramolecular hydrogen bonding present in this type of molecule (indicated by a strong band in the IR hydroxyl region). The complexes are moderately soluble in polar solvents, meaning that the hydrogen bonding is weakened in the complexes. The molar conductivities of the complexes were found to be 9-10 W -1 cm 2 mol -1 for the Hg(II) complexes and 23-31 W -1 cm 2 mol -1 for the Cd(II) complexes in DMSO at 25 ± 1 ºC. These values indicate that the Hg(II) complexes are non-ionic while the Cd(II) complexes are nearly non-ionic structures.
IR spectra
The IR spectral data of the ligands and the complexes are listed in Table II . The NH stretching vibrational frequency band in the ligands appears around 3400 cm -1 as a broad band which is broadened considerably on complexation. A broad band between 3270 and 3150 cm -1 belongs to the OH stretching vibrational frequency in the IR spectra of the ligands. n(O-H) and n(N-H) are in a broad band in the 2600-3600 cm -1 region, due to the inter-and intra-molecular hydrogen bonding. In the complexes, the hydrogen bonding is weakened, probably due to the coordination of the hydroxyl oxygen. Therefore, the solubility of the complexes increases in comparison to the respective ligands.
The weak or medium bands between 1586-1612 cm -1 in the spectra of the ligands and the complexes are attributed to the n(C=N). They show no considerable change in the complexes. In the spectra of the compounds, the aromatic C=C stretching vibrations are observed in the 1636-1615 cm -1 range and in the 1470-1445 cm -1 range as medium or strong bands.
Characteristic medium bands at around 1040 and 1110 cm -1 in the IR spectra of the free ligands are assigned to n(C-O). These bands shift to lower frequencies on complexation. The o-substitution out-of-plane C-H bendings appear near 750 cm -1 as strong bands in the L1 and its Cd(II) and Hg(II) complexes. The out-of-plane trisubstituted aromatic C-H bendings of the compounds are in the 796-808 cm -1 range as strong bands for L2, L3 and their Cd(II) and Hg(II) complexes.
In the spectra of L2 and its complexes, n(CH 3 ) appears at around 2920 cm -1 as a weak band. The medium C-Cl stretching vibration frequency is observed at 600 cm -1 in the spectra of L3, and the Cd 2 (L3)Cl 4 and Hg 2 (L3)Cl 4 complexes. 4 . This is evi-dence that the coordination occur in all complexes (except in Cd 2 (L1)Cl 4 ) through only the hydroxyl oxygen atoms (Fig. 3) . The OH 2 protons are seen as broad peaks in the ligands because they have a more acidic character than the OH 1 protons (The NH and the OH protons are determined by exchanging D 2 O). In the literature, similar complexations were observed with Ag(I), 15 Hg(II) 16 and Zn(II) ions. 17 The signal of the OH 2 proton in the spectrum of the Hg 2 (L3)Cl 4 complex is seen as a very broad singlet at 4.85 ppm. In the spectrum of Cd 2 (L3)Cl 4 , the singlet (H4) at 7.60 ppm is seen as a non-split doublet and the doublet (H7) at 7.24 ppm as a d-d system. CH 2 , one of the aliphatic protons, appears in the 3.89-4.12 ppm range as a singlet in the ligands and the complexes. CH 1 shows a doublet at 5.16 ppm in L1. However, in L2 and L3 it is seen at 5.16 ppm as a singlet. The aromatic protons (H4-H7) show a complex pattern in the aromatic region in the spectra of L1, Cd 2 (L1)Cl 4 and Hg 2 (L1)Cl 4 . Protons 6 and 7 are present as doublets in the spectra of L2, L3 and their Cd(II) and Hg(II) complexes, except H(6) which is present in the spectra of L3 and Hg 2 (L3)Cl 4 as singlets. In the 1 H-NMR spectrum of L2, the aromatic protons, H(4), H(6) and H(7), appear at a higher field (6.99-7.40 ppm range) in comparison with L1 and L3 because of the d+ effect of the methyl group. However, in the spectra of L3, Cd 2 (L3)Cl 4 and Hg 2 (L3)Cl 4 , the substituent Cl results in the aromatic protons H(4) and H(6) shifting to lower field values.
The N-H proton exhibits a broad signal due to the fluxional behaviour near 12.10 ppm in the spectra of the ligands. The signal of the NH protons disappears in the complexes, except in Cd 2 (L1)Cl 4 . However, in the IR spectra of the complexes, the broad bands at around 3400 cm -1 , assigned to the n(NH), indicate that the NH hydrogen is not eliminated. This shows that the C=N nitrogen does not coordinate to the Cd(II) and Hg(II) ions. The NH signal in the ligands appears as a broad band due to the resonance through the N ... C ... N system in the imidazole ring. If the C=N nitrogen were coordinated to the Cd(II) and Hg(II) ions, the N ... C ... N system must be changed to the N-C=N system and the NH signal would be sharpened according to the ligands in the complexes. 14 In the present study, the NH signal disappears upon complexation because of a fast tautomeric equilibrium (Fig.  2) ; this means the fluxionality and, consequently, the acidity of the NH proton is greatly increased in the complexes because of the OH coordination only. The sharp characteristic of the NH signals is an indicator for the acidity of the ligands. The order of the sharpness of the NH signal in the ligands was found to be L1>L3>L2. This means that L2 is the most acidic of the ligands because of the d+ effect of the methyl group.
In conclusion, considering the analytical data and low molar conductance values of the complexes, and data obtained by the IR and 1 H-NMR spectroscopy, the structures in Fig. 3 are proposed for the complexes of L1-L3 with CdCl 2 and HgCl 2 . 
